ABSTRACT: Mu-and delta-opioid subtype receptor antagonists were tested in the mouse for their effects on vertical climbing activity, an index of striatal dopaminergic activity. The selective delta-opioid antagonist ICI154 129 (I/l) by itself enhanced vertical climbing activity in a dose-related manner, whereas the mu-opioid antagonist naloxone by itself was inactive on climbing behavior. Naloxone increased the climbing-stimulant effect of I/l. Unstimulated vertical climbing activity was reduced, and all opioidantagonist enhancement of climbing behavior was antagonized, by the competitive dopamine antagonist haloperidol in dose-related fashion. The observed motor-enhancement effect of a selective delta-opioid receptor antagonist is the first demonstration of physiologically-significant tonic activity on a central opioid receptor. Our observations suggest that I/l may be useful clinically in striatal dopamine-deficient disease conditions such as parkinsonism. RESUME: Modulation de Pactivite dopaminergique chez la souris par I'activite opiacle-delta Nous avons gvalud chez la souris l'effet de certains antagonistes des r£cepteurs opiac£s de sous-type Mu et delta sur leur capacity a grimper verticalement, capacity qui est un index de I'activite dopaminergique du striatum. Le ICI 154-129 (I/l), antagoniste seiectif des r£cepteurs opiac£s delta, lorsqu'employe seul, potentiait I'activite de fa?on gradu£e selon la dose, alors que la naloxone, antagoniste du rtcepteur opiace Mu, etait inactive par elle-meme sur cette activity. La naloxone, par contre, augmente l'effet stimulant du I/l. L'haloperidol, un antagoniste comp£titif de la dopamine, diminuait la capacity non stimulee de grimper verticalement, ainsi que toute potentiation de cette activity par les antagonistes opiacds. Cette stimulation d'un effet moteur par un antagoniste sp£cifique des r£cepteurs opiac£es delta est la premiere demonstration d'une activite tonique physiologiquement significative sur un recepteur opiace central. Ces observations suggerent que le produit I/l pourrait etre utile cliniquement dans des conditions ou maladies accompagnees de deficience dopaminergique striatale comme la maladie de Parkinson.
Current medical therapy for Parkinson's disease is based on the use of drugs whose actions restore or augment dopaminergic neuroactivity in the dopamine-deprived neostriatum (Hornykiewicz, 1973a, b) . The major approach, which arose from the observation that there is a deficiency of dopamine (DA) in the basal ganglia of brains from parkinsonian patients (Ehringer and Hornykiewicz, 1960) , is the administration of the dopamine precursor, levodopa (Cotzias et al., 1976) . Direct agonists of postsynaptic dopamine receptors also are often useful in parkinsonism, such drugs include apomorphine and its congeners (Cotzias et al., 1976) as well as ergot derivatives such as bromocriptine, lisuride and lergotrile (Calne, 1977 (Calne, ,1978 Goldstein et al., 1978; Lieberman et al., 1976) . None of the foregoing agents provide permanent therapeutic benefit, nor do they arrest the course of the disease. Their efficacy eventually decreases and even painstaking regulation of dose and regimen fails to prevent progression of the disease. Concomitant with the loss of levodopa effectiveness there is a cumulative increase in deleterious side effects (e.g. hyperkinesia, behavioral changes and psychosis) (Marsden and Parkes, 1977; Weiner, 1982; Calne, 1983) . Often, there is a gross and unacceptable alternation between hyperkinesia and akinesia (the "On-Off' syndrome - (Calne, 1977; Marsden and Parkes, 1977; Granerus, 1978) . These side effects are generally attributed to levodopa overdose or underdose and to the lability of the presumed therapeutic region lying between the two extremes.
It is not unreasonable, in view of the foregoing, to suggest that some new pharmacological approach may be necessary before any improvement in the medical therapy of parkinsonism can be expected. We found it of interest that a significant depletion of opioid receptors has been observed in the caudate nucleus of brains taken from Parkinson's disease patients at postmortem (Reisine et al., 1979) . The Jhamandas group has shown that delta-opioid receptor stimulation inhibits glutamate-stimulated release of DA from rat striatal slices in vitro. We therefore decided to test whether a putative physiological role for striatal delta-opioid receptors could be discerned in vivo. To do this we have studied the effects of a relatively specific delta-opioid antagonist on vertical climbing activity (VCA) in mice, since that behavior is well-established as a convenient in vivo index of activity at striatal dopaminergic synapses in the mouse ( 
Evaluation of VCA
Mice were placed individually in specially-built circular cages (12 cm dia x 16 cm ht, the cage walls consisting of vertical stainless steel rods of 2.5 mm dia spaced I cm apart; the circular floor and cover of each cage were turned from sheet acrylic). The design of these cages represented slight modifications of the mouse-climbing apparatus described by Protais et al. (1976) . Four cages were viewed simultaneously by the experimenter, each cage being both acoustically and visually isolated from its neighbor. A graduated quantitative value for climbing activity was assessed for the individual mouse in each cage, according to the following system for numerical scoring of VCA: 0 = mouse sitting or standing on cage floor without touching a vertical rod; 1 = sitting on floor while grasping a bar with one forepaw or hindpaw; 2 = grasping one or two rods with both forepaws but with an angle of less than 45° between the body long axis and the cage floor; 3 = as in (2) but with body axis/floor angle greater than 45°; 4 = standing upright while grasping rods with both forepaws but with both hindpaws touching cage floor; 5 = climbing on rods with all four legs off the floor. VCA scores for each mouse were sampled at 30-sec intervals, a score being assigned to the mouse in any given cage when a miniature red light-emitting diode, not visible to the animal, was energized under the cage for a duration of 2 sees. The visual signal was stepped sequentially from cage to cage by a hardwired microchip controller (Pinsky et al., unpublished) in a repeating sequence for a total observation period of 30 min after each drug treatment. Thus the observer assigned a score for each individual mouse at 30-sec intervals for a total observation period of 30 min, generating a total of 60 sampled scores for each mouse over the 30-min period of observation. The sampled scores were summed for all animals in a given treatment group, and expressed as mean 30-min VCA scores per animal for that group.
Experimental design and statistical analysis
All experiments were carried out between 1000 and 1300 hours, in temperature-and humidity-controlled rooms. Observations were made by an independent observer who was unaware of the nature of the administered drug treatments. At the end of the experiment VCA scores were compiled and tested for significance of group interactions by analysis of variance (ANOVA), followed by Duncan's test for multiple comparisons. The extent to which there was a dose-response relationship between VCA responses and any given drug treatment was examined by a least-squares linear regression analysis of drug dose on the magnitude of response. Sham injection was taken to represent zero dose for all substances. Existence of a dose-response relationship was inferred when the correlation coefficient for the regression line was found significantly different from zero, by two-tailed analysis (Bulmer, 1965) .
RESULTS
A basal level of unstimulated climbing activity was observed in the sham injection group. This basal activity was significantly suppressed by HALO at 0.1 and at 0.5 mg kg -1 , in doserelated fashion (Fig. 1, Table 1 ). 1/1, over the dose range of 1 to 10 mg kg~'l, consistently increased VCA to levels above the unstimulated value; the difference between VCA scores after sham injection and after 10 mg kg" 1 1/1 was statistically significant, as was the dose-response relationship for 1/1 plotted against VCA (Fig. 1,Table 1 ). 1/1 enhancement of climbing activity was significantly suppressed by HALO, which exerted this antagonism also in a dose-related manner (Fig. 1, Table 1 ). NLX by itself, in the dose range of 0.1 to 5 mg kg -1 , had no significant effect on climbing activity (Fig. 2, Table 1 ). In combination with 1/1 given at 3 mg kg -1 , however, NLX at 1 mg kg"' significantly increased the 1/1 enhancement of climbing activity (Figs. 2, 3) ; mean VCA scores for mice treated with 1/1 at 3.0 mg kg -1 followed by NLX at 1.0 mg kg" 1 (Fig. 3, Group B) were significantly greater (p =£ 0.01) than those for mice treated with 1/1 alone at 3.0 mg kg -1 (Fig.l, Group E) . This synergistic effect of NLX with 1/1 was significantly antagonized by HALO in a dose-related manner (Fig. 3, Table 1 ).
DISCUSSION
The observation of unstimulated VCA in mice suggests that this spontaneous activity is the motor expression of ongoing neural events in some tonically-active central nervous system located on dopaminergic neurons in the nigrostriatal axis while delta-opioid receptors on the same neurons are part of a physiological system for the regulation of DA release from nerve terminals. It appears reasonable to propose that the mode of action for the enhancement by 1/1 of mouse climbing activity is related to the ability of I/l to block delta-opioid receptors located on dopaminergic nerve terminals. In the mouse such receptors appears to be under the tonic control of endogenous delta-opioid agonists whose agonism suppresses the release of dopamine from the terminal. In contrast mu-opioid receptors associated with striatal dopaminergic neurotransmission seem not to be tonically activated since the mu-opioid antagonist naloxone by itself had no effect, over a wide range of doses, on climbing activity. The unexpected profound synergism between ineffective doses of naloxone and a median-effective dose of I/l on the enhancement of mouse climbing activity cannot be explained solely in terms of known actions of mu-opioid receptor agonists on striatal dopamine release. A similar synergism between I/l and naloxone has been demonstrated elsewhere on seizure activity in the rat (Cowan and Gmerek, 1982) . The observed effect of a selective delta-opioid receptor antagonist on mouse climbing activity represents, to our best knowledge, the first evidence of physiologically significant tonic activity on a central opioid receptor. It is interesting that the central delta-opioid receptor system appears to be tonically active while its mu-opioid counterpart is not; it would be useful to examine the possible generality of this differentiation in endogenous opioid systems. The development and use of selective antagonists for the putative opioid receptor subtypes will permit further insight as to which opioid receptor systems are tonically active and physiologically important at central and peripheral sites.
In the specific instance of the climbing activity tested here it appears that blockade of striatal delta-opioid receptors with I/l can promote dopaminergic neurotransmission in that brain region. The mu-opioid antagonist naltrexone has been tested clinically in patients with Parkinson's disease and was ineffective (Nutt et al., 1978) . Our own results suggest that a delta-opioid antagonist might prove effective in parkinsonism, especially if combined with a mu-opioid antagonist. We are currently examining the properties of I/l in preclinical studies aimed at such clinical possibilities. A brief account of part of this work has been presented in abstract form (Dua and Pinsky, 1984) .
